INTRODUCTION
Rosette-forming glioneuronal tumor (RGNT) is a tumor with neuronal and glial components. 1 It is a rare World Health Organization (WHO) grade 1 tumor, associated with a favorable clinical outcome. Owing to its rarity, the clinical progression and malignant potential of this tumor is not well established. 2, 3 Nonetheless, there had been several case reports describing an aggressive clinical course with unfavorable outcomes, but no reports of RGNT malignant transformation to date. [4] [5] [6] Here, we report a unique case of a 42-year-old man who was diagnosed with RGNT of the fourth ventricle, which progressed to an isocitrate dehydrogenase (IDH)-mutant glioblastoma (WHO grade 4) 6 years later.
CASE REPORT
A 42-year-old man presented in 2010 with symptoms of unsteady gait and headache for 2 months. Physical examination revealed significant ataxia and right-sided cerebellar signs. Magnetic resonance imaging (MRI) of brain revealed a midline, patchy, and minimally enhancing tumor in the vermis with extension into the right cerebellar hemisphere and fourth ventricle associated with hydrocephalus ( Figure 1) . With an initial impression of a low-grade glioma, the tumor was partially resected and an external ventricular drain inserted for hydrocephalus.
The friable whitish tumor tissue biopsied was submitted entirely for routine processing and histopathology examination. The result showed normal cerebellar tissues infiltrated by a biphasic neurocytic and glial tumor. The neurocytes were uniform and formed rosettes and perivascular pseudorosettes ( Figure 2A) . In other areas, oligodendroglia-like cells and occasional ganglion cells were observed. There was no necrosis, mitosis, or microvascular proliferation ( Figure 2B ). Immunohistochemistry showed positivity for glial fibrillary acidic protein, synaptophysin, and IDH 1, whilst the Ki67 proliferative index was less than 1% ( Figure 2C ). Together, a diagnosis of RGNT was made.
Postoperatively, his symptoms and signs resolved and he resumed his work shortly thereafter. He was not given adjuvant chemotherapy or radiotherapy. For the next 2 years, he was closely monitored with serial brain MRIs, which showed a -BACKGROUND: Rosette-forming glioneuronal tumor (World Health Organization grade I) is considered as a benign tumor with very low potential for progression. The potential for malignant transformation of this tumor is not known and has never been reported before in literature.
-CASE DESCRIPTION: We report a 42-year-old man, diagnosed with rosetteforming glioneuronal tumor of the fourth ventricle with a positive isocitrate dehydrogenase 1 mutation, progressed to glioblastoma after 6 years from diagnosis. We discuss the clinical history, radiological findings, and histopathological characteristic with immunohistochemistry findings observed in this unique case.
-CONCLUSIONS: Despite being acceptable as benign, based on our observations in this case, there is a potential for malignant transformation of rosetteforming glioneuronal tumor. The role of isocitrate dehydrogenase 1 mutation leading to malignant transformation could not be established as our finding is novel and further prospective studies are required to prove this association. Figures 3 and 4) . He was lost to follow-up until he presented again in 2016, approximately 6 years from first presentation, with severe giddiness and diplopia. The MRI of brain revealed a large (4.7 Â 4.0 Â 3.8 cm) heterogeneous solid mass over cerebellar vermis, with avid uptake of gadolinium contrast and areas of central necrosis within ( Figure 5 ). An urgent posterior fossa craniotomy and excision of a vascular tumor with extensive adjacent cerebellar parenchymal invasion was performed. Postoperative MRI of the brain showed gross total tumor resection ( Figure 6) .
Microscopy of the soft, whitish hemorrhagic tumor tissues showed a polymorphous tumor composed of moderately to markedly pleomorphic glial cells with increased mitosis (Figure 7A) , areas of geographic necrosis ( Figure 7B) , and foci of microvascular proliferation ( Figure 7C ). Scattered gemistocytes were also seen. The IDH 1 immunostaining was positive ( Figure 7D ). Based on these findings, a diagnosis of glioblastoma, IDH mutant (WHO grade 4), was made.
DISCUSSION
Approximately 155 RGNT cases had been reported in the literature since its inception in 2007, but these were mostly on clinicoradiological findings, salient histopathological characteristics, and genetic mutations.
3,7-9 As far as we know, there is no description of malignant transformation from RGNT of the fourth ventricle to glioblastoma.
Our case initially presented with ataxia and headache, common but nonspecific symptoms for RGNT. The radiological findings were consistent with the diagnosis. 3 A partial resection was performed leaving behind residual tumor, and although no adjuvant therapy was given, the MRI of the brain surveillance for the first 2 postoperative years did not show any CASE REPORT radiological progression. The longest follow-up for RGNT remains at 13.5 years (median of 1.2 years) as reported by a metaanalysis by Schlamann et al 2 indicated a favorable prognosis. The authors concluded that the overall survival of RGNT stands at 100% at 1.5 years, with gross total resection being the primary mode of treatment without adjuvant chemotherapy or radiotherapy. 2 Thus, the standard of care for nondisseminated RGNT is still gross total resection followed by expectant management with no adjuvant therapy.
2,3,7-10 Our case did not receive gross total resection as the initial intent of the first surgery was to obtain a tissue diagnosis. Adjuvant therapy was not given as RGNT is a low-grade tumor, and subsequent MRI findings did not show progression until approximately 6 years after initial presentation. RGNT progression is rare but literature suggested that this occurred more frequently in the pediatric population (5 of 8 cases published) than adults. 11 Morris et al 11 inferred that RGNT tumorigenesis in pediatrics may be distinct from that of adult population, but this association was not well established because of the small study population. The largest literature review of RGNT to date, an analysis of 155 reported cases in 2017, found that inadequate resection and solid tumor had higher risks of progression. 3 However, it is unknown if these risk factors do apply for malignant transformation of RGNT as well. Infrequently, there are sporadic reports about RGNTs with an aggressive course (with leptomeningeal spread or intraventricular dissemination and progression of symptoms), but the causes were not well established. [4] [5] [6] Matyja et al 12 reported an unusual case of RGNT with advanced microproliferation without marked nuclear atypia. But the authors concluded that these findings were of unknown significance. 12 To the best of www.journals.elsevier.com/world-neurosurgery-x our knowledge, definite biopsy-proven, malignant transformation of RGNT to glioblastoma has not been described in the literature before, and this case may be represented as the first reported case. IDH 1 mutation is understood as an early genetic alteration that ultimately predispose to formation of diffuse gliomas in the central nervous system. [13] [14] [15] The first description of IDH 1 mutation in RGNT was by Solis et al 7 in a case of pineal region RGNT; however, they were unable to conclude if this finding is pertinent to pineal RGNT or RGNT occurring elsewhere. Makita et al 16 described the only other case of IDH 1 mutation in RGNT.
3 Thus in our case, a positive IDH 1 immunohistochemistry, a strong surrogate marker of the mutation, is indeed very rare. Recent data also suggest that IDH 1 mutation may not be specific only to gliomas alone, as they can be found in a variety of other extracranial neoplasms as well.
13 IDH 1 mutations are not found in pilocytic astrocytoma, which is the closest entity resembling RGNT in terms of both clinical history and histology. [13] [14] [15] 17, 18 Hence, detection of IDH 1 mutation may become handy in distinguishing RGNT from pilocytic astrocytoma in cases where histopathological characteristics are inconclusive. 13, 17, 18 In our case, both the primary RGNT and the secondary glioblastoma were tested positive for IDH 1 immunohistochemistry. Yan et al 15 described IDH 1 mutation in differentiating primary glioblastomas from secondary glioblastomas that are due to malignant transformation of the low-grade gliomas. Secondary glioblastomas that comprise only approximately 10% of all glioblastomas have recently been reclassified into glioblastoma IDH mutant in the 2016 WHO classification for CNS tumors. 1 The findings of IDH 1 mutation in both RGNT and glioblastoma in this case indicate that the glioblastoma must have progressed from its precursor lesion, the RGNT. [19] [20] [21] We postulate that the glial component of the RGNT may possibly follow the natural course of low-grade gliomas, eventually undergoing malignant transformation, especially in cases with IDH 1 mutation. [19] [20] [21] [22] Recent evidence also suggests that when IDH 1 mutation is coupled with other genetic mutations such as O-6-methylguanine-DNA methyltransferase methylation and tumor protein p53, it potentially carries higher risk of malignant transformation, as concluded by Murphy et al. 23 On the basis of our observations, we speculate that other than the presence of a residual tumor, the IDH 1 mutation may have a role in malignant transformation. 2, 3, [7] [8] [9] 18 IDH 1 mutation as a biomarker for malignant transformation needs further investigations. Routine IDH 1 mutation testing for future cases of RGNT may shed more light on this potential association.
CONCLUSIONS
Malignant transformation of RGNT has never been reported in the literature. The observations made in this case are novel. Further prospective studies are needed to consolidate more evidence to our findings. We conclude that in RGNT, the presence of a solid, residual tumor with IDH1 mutation needs close observation with radiological surveillance for potential progression and malignant transformation.
